To study usefulness of total creatine kinase (CK) as a screening tool in various neurological and psychiatric disorders in emergency setting of a tertiary care hospital. Materials and Methods: A 1-year retrospective study was conducted on 102 patients with complaints pertaining to neurological and psychiatric disorders in a tertiary neurosciences centre in a metropolitan city. Blood samples in plain vial were received in Emergency Laboratory and total CK levels were measured by automated analyzer and its correlation with various diseases was analyzed. Results: It was observed that CK activity was raised in various psychiatric conditions-acute transient psychotic disorder, alcohol dependence syndrome, delirium, psychosis, mental retardation, catatonia, bipolar affective disorder (BAD), depression and mania and also in neurological disorders-seizures, meningitis, myasthenia gravis (multiple sclerosis), Guillain-Barre syndrome, extra pyramidal syndrome, neuroleptic malignant syndrome and infarct. Conclusion: This study demonstrated that CK is a sensitive and an important screening parameter in diagnosis and monitoring of various neurological and psychiatric disorders in emergency setting. It is also helpful in identifying people at high risk for various neuro-psychiatric diseases.
INTRODUCTION
Creatine kinase (CK) is an enzyme with three isoforms BB/CK1, MB/CK2 and MM/CK3. The skeletal muscle contains primarily MM; cardiac muscle contains primarily MB and MM. Brain tissue, GI system and genitourinary tract contain primarily BB. Normally, total CK levels are virtually 100% MM isoenzyme. [1] The CK level is raised in skeletal muscle dystrophies, inflammatory muscle diseases, exercise-induced rhabdomyolysis, snake bite poisoning, medication, frequent intramuscular injections, etc. Diagnosis of neurological and psychiatric disorders is based on clinical features, presence of risk factors, electromyography changes and biochemical findings. The diagnostic criteria used to classify psychiatric disorders were based on International statistical classification of Diseases-10, the more widely used counterpart of Diagnostic and Statistical manual of Mental Disorders-V. Total CK level is not only a useful screening tool but also significant for further monitoring of neurological and psychiatric disorders. [2, 3] Raised levels of total CK has been detected in the serum of patients with a variety of neurological and psychiatric disorders. [4, 5] We conducted the present study in the emergency laboratory of our hospital for assessing the utility of this test in neuropsychiatric disorders. The need for studying CK levels particularly in psychiatric disorders was felt to ascertain direct correlation between CK levels and psychiatry disorders rather than secondary changes associated with these disorders to cause its elevated levels.
considered. Blood samples in plain vial from each patient within 6 h after admission were collected and received in emergency laboratory. The samples were then centrifuged and only non-hemolysed samples were analyzed within 1 h after collection. The following samples were rejected: Hemolysed samples, samples from patients with history of alcohol, and other drug intake, patients who had received multiple intramuscular injections and patients who have undergone strenuous exercise before sampling. In hemolysed samples, repeat samples were taken because enzymes and intermediates liberated from the red blood cells may affect the lag phase and the side reactions occurring in the assay system. [6] Serum total CK test was carried out on the automated biochemistry system that used ENZOPAK NAC (kinetic) method which is based on modification of Szasz method [7] and is according to International Federation of Clinical Chemistry. [8] Serum total CK activity denotes CK-MM activity exclusively. The upper limit taken for normal CK was 140U/L for women and 175U/L for men.
Statistical analysis
It was performed using SPSS for windows 11. 
RESULTS
The total study sample was composed of 102 cases, out of which 59 (57.8%) were neurological cases and 43 (42.2%) were psychiatric cases. The age distribution of the study sample is from 6 to 80 years of age with mean age 34.5 years as shown in contingency Table 1 . The maximum number of study subjects was in the age group of 30-40 years. There were 73 males and 29 females in the study group. The Reference range of total CK value taken was 38-175U/L in males and 26-140U/L in females. The total CK value in serum denotes exclusively CK-MM.
Among the neurological disorders, maximum number of cases was of seizures followed by meningitis, myasthenia gravis, Guillain-Barre Syndrome (GBS), extra pyramidal syndrome (EPS), neuroleptic malignant syndrome (NMS) and infarct. In the psychiatric disorders, the maximum number of cases were of acute transient psychotic disorder (ATPD) followed by alcohol dependence syndrome (ADS), psychosis, mental retardation (MR), delirium, catatonia, bipolar affective disorder (BAD), depression and mania [Pie Charts 1 and 2]. In neurological disorders, CK level was found to be significantly increased in maximum cases of seizures (67.7%) followed by meningitis (10.1%). In most of the neurological cases (84.7%), total CK value was significantly increased up to 1500U/L followed by 10.2% cases of seizures and meningitis with CK values between 1500 and 3000U/L and few cases (5.1%) of seizures and myasthenia gravis with total CK value exceeding 3000U/L, irrespective of gender.
In psychiatric conditions, maximum number of cases (83.7%) showed total CK values increased up to 1500U/L followed by 9.3% cases of psychosis, ADS, MR and catatonia with total CK values between 1500 and 3000U/L and 6.9% cases of alcohol dependence syndrome and catatonia had total CK values above 3000U/l, irrespective of gender [ Tables 2 and 3] .
DISCUSSION
Creatine kinase, also known as creatine phosphokinase is an enzyme expressed by various tissues and cell types that catalyses the reversible phosphorylation of creatine by adenosine triphosphate. [9] CK activity is greatest in striated muscle and heart tissue and then in other tissues such as brain, the GIT and the urinary bladder. CK is a dimer composed of two subunits-B and M. Three different forms of subunits exist-BB, MB and MM. CK-MM is found mainly in skeletal muscle and then in heart, CK-MB is demonstrable in the heart but is also found in the skeletal muscle and urinary bladder. CK-BB is mainly found in the brain, GIT and urinary bladder. More than 20% of the total CK activity is present as CK-MB and nearly 80% as CK-MM. Thus, in healthy individuals, the total CK activity in the serum consists almost exclusively of CK-MM. [10] CK isoenzymes can be quantitated by electrophoretic or immunologic methods. Because CK exists in relatively few organs, elevated serum total CK level estimation is used as a specific index of injury to muscle and myocardium. [11] Raised levels have been detected in the serum of patients with a variety of neurological conditions such as seizures, myasthenia gravis (multiple sclerosis), GBS, EPS, etc. [4, 5] In our study, total CK level was found to be significantly increased in maximum cases of seizures (67.7%) followed by meningitis (10.1%). CK level was raised in few cases of GBS, EPS, NMS, Myasthenia gravis and Infarct (4-7%). In previous study by Libman et al., they measured serum CK in seizure versus syncope cases in the emergency department and found that mean serum CK level was higher in seizure group (231.1 ± 34.8) as compared to syncope cases (70.5 ± 5.6). They concluded that CK level is highly specific test for diagnosing generalized seizures in the emergency department. [12] Petramfar et al., investigated CK concentration to distinguish between generalized tonic-clonic seizures (GTCS) from either psychogenic non epileptic seizures (PNES) or vasovagal syncope (VVS). It was observed that CK concentration was increased in 75% of patients with GTCS as compared to 15%, 13.6% and 15% of patients with PNES, VVS and control group respectively. Thus, CK concentration is also a useful and relatively accurate parameter to assist in the differentiation of epileptic seizures from either VVS or PNES. [13] Sharma and Nand evaluated CK enzyme in pyogenic and tuberculous meningitis and reported that CK levels were significantly elevated in cases of meningitis. [14] Neuroleptic malignant syndrome is characterized by clinical symptoms that include hyperthermia, severe muscle rigidity, autonomic dysfunction and altered mental state. Nisijima in a study concluded that an elevated CK level is common in the early stage of NMS and corresponds temporally with the onset of muscle rigidity [15] while another study by O'Dwyer and Sheppard suggested that elevation of CK in NMS is a non-specific finding and its role in the diagnosis of the syndrome remains controversial. [16] In EPS and Parkinson disease, mechanism mediated by hypothalamic dopamine and by autonomic nervous system may also be contributing to the elevation of serum CK as proved by Takubo et al. [17] Some studies observed that serum CK-MB and total CK levels were elevated above the cutoff value in patients with stroke/infarction. These enzyme levels gradually increased within the first 3 days and declined afterwards. [18] The neuropathies cause denervation of muscle fibers and the ongoing entrophic changes to the muscle fiber membrane that result in leakage of CK. Another possibility would be elevation of CK secondary to frequent cramping, a common symptom in acute neurogenic diseases such as GBS. [19] Similarly, in myasthenia gravis, there is possible leakage of enzyme and metabolite from the myasthenic muscle due to a membrane defect and there may be a myopathic component also leading to increase in CK level. [20] The association between psychiatric disorders and raised total CK levels remain argumentative. In our study, raised CK levels were found in maximum cases of ATPD and ADS (8% each) followed by psychosis (6%), delirium tremens (5%) and MR (4%). Few cases of depression, mania and BAD (2% each) had raised CK levels in the serum. CK was found to be elevated particularly in those patients who had history of intake of neuroleptic drugs.
Previous studies in schizophrenic patients indicated elevation of serum CK levels, mainly of MM isoenzyme but this test did not appear to be diagnostic in schizophrenia. Histological changes such as 'Z' band spreading had been reported in skeletal muscles which were interpreted as secondary consequences of an abnormality in nervous system factors from acute schizophrenics. [21] Some theories relate elevated CK level to psychomotor agitation and medication in acute psychosis. Hermesh et al. showed absence of Pie Chart 1: Distribution of study subjects with neurological disorders Pie Chart 2: Distribution of study subjects with psychiatric disorders myoglobinuria in acute psychotic patients with marked elevation in serum CK level concluding that CKemia may be due to an unknown, nontraumatic, pathophysiological mechanism. [22] There have been few studies focusing on CK elevations in chronic psychiatric conditions. One of the studies by Terao (2012) suggested that a few chronic psychiatric inpatients had CK elevation but patients engaged in more physical activity or receiving higher neuroleptic drugs are at greater risk of developing CK elevations. However, most of these increases are benign and need no treatment. [23] There is also evidence of neuromuscular dysfunction in psychotic patients. Increase in permeability of the muscle membrane due to some defect in the neurotropic regulation of muscle physiology or an independent expression of muscle abnormalties may lead to higher serum CK activity. [24] Creatine kinase level was maximally increased in alcohol abuse in the range of 3000-4500U/L in our study which conforms to the findings of Osborn et al. He evaluated CK and CK-MB in alcohol abuse subjects with recent heavy consumption and concluded that elevated CK levels are common in heavy alcohol use patients without evidence of myocardial ischemia. [25] Contrary to our findings, Segal et al. studied serum CK levels in alcohol syndromes and found low normal CK activity for alcohol dependence, higher for alcohol withdrawal and the highest for delirum tremens. These findings may be related to enhanced dopamine activity in alcohol dependence as increased dopamine activity inhibits CK and conversely, to a significant decrease in dopamine activity during withdrawal syndromes. [26] In catatonia, increased serum creatine phosphokinase may be related to occurrence of dyskinetic movements. [27] Segal et al. also studied serum CK levels in various forms of depression. They reported 'low normal' CK levels, especially in psychotic depressions. [28] Previous studies reported elevated CK levels in MR and depressive, maniac and euthymic phases of bipolar disorder. [29] There are certain limitations to our study such as inadequate documentation available due to retrospective study undertaken and small sample size.
CONCLUSION
Our present study confirms serum total CK level as a sensitive indicator in neurological as well as psychiatric disorders as it is found to be raised in all cases but requires detailed diagnostic work up, including electrophysiological, histopathological and genetic studies to reach at a final conclusion. CK activity was found to be maximally increased in the range of 3000-4500U/L in seizures and meningitis among neurological disorders and in alcohol abuse among psychiatric disorders. It seems likely that the predominant source of increased CK activity in serum is the skeletal muscles in neuropsychiatric disorders. Nevertheless, the origin of total CK elevations in these patients remains to be elucidated further. In psychiatric disorders, there could be primary changes such as neuromuscular defect, defect in nervous system secretory factors or there could be secondary changes such as alcohol or other drug intake or increased physical activity that lead to elevated CK level activity. No primary specific factor found to be causing elevation of CK level but as we measured primarily CK-MM, we can conclude that all these disorders lead to changes in muscle ultimately. Comprehensive studies are needed to understand the differences in serum kinase activity in various conditions by analyzing gender and age differences, isozyme patterns of CK and alterations in central and peripheral dopamine indices.
Despite all the limitations, a simple and rapid evaluation of serum CK activity still provide a reliable supplementary screening tool in various neuropsychiatric disorders particularly in emergency settings and helps in taking immediate treatment decisions.
